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dec,1
SND
(t)
] 
1.34a 
+Xdec,1t (t)
[
p
dec,1
XND
(t) +
iNXI
0.75
p
dec,1
XI
(t) +
iNBM
0.9
(
p
dec,1
XB,H
(t) + pdec,1XB,A (t)
)]
FDCO = Sdec,1t (t)
[
p
dec,1
SI
(t) + pdec,1SS (t)
] 
1.34b 
+Xdec,1t (t)
[
1
0.75
(
p
dec,1
XI
(t) + pdec,1XS (t)
)
+
1
0.9
(
p
dec,1
XB,H
(t) + pdec,1XB,A (t)
)]
FDBO5 = 0.25
{
S
dec,1
t (t) p
dec,1
SS
(t)

1.34c 
+Xdec,1t (t)
[
1
0.75
p
dec,1
XS
(t) +
1− frXI
0.9
(
p
dec,1
XB,H
(t) + pdec,1XB,A (t)
)]}
FMES = Xdec,1t (t)

1.34d 
×
 
	ﬁﬀﬂﬃ	! "#%$ﬁﬀ'&() +* +	,-.-/(ﬃ	
`

I|O EU G
Q
L

Í-ONKxGW

K 0X¬ !¤=d
×
¯
Ê
FNGL = SbaNO (t) + SbaNH (t) + SbaND (t)

1.35a 
+fns
[
iNXI X
ba
I (t) + iNBM
(
XbaB,H (t) + X
ba
B,A (t)
)
+ XbaND (t)
]
FDCO = SbaI (t) + SbaS (t)

1.35b 
+fns
[
XbaI (t) + X
ba
S (t) + X
ba
B,H (t) + X
ba
B,A (t)
]
FDBO5 = 0.25
{
SbaS (t) + fns
[
XbaS (t) + (1− frXI)
(
XbaB,H (t) + X
ba
B,A (t)
)]} 
1.35c 
FMES = fns
[
0.75
(
XbaI (t) + X
ba
S (t)
)
+ 0.9
(
XbaB,H (t) + X
ba
B,A (t)
)] 
1.35d 
{}|~<y*|(½lyyy®V|u8~(ŁDlK~<<|KŁlJyFŁJl|FŁ¶² |~(~Á´l
~X/|FŁJlVŁJy|X)l|ŁJyD¶´l°§©lVŁJy|°¤
¼ﬁy½²­«FlFŁJyÑe ¢bVJV´yyŁJu(ﬁe 8|ŁJyh~(ª|(ŁlÁ°§©JVŁl|~(
|FŁJJVFŁJ/|JVŁl|W|FŁµ«FyFŁ/y8|l¤ aÂX|FŁJJVFŁJµ|FŁX´FŁJ~)l¡
X²y/®(µ8|~X?|´½¬ !¤=d
1
¯
leVŁly¢²eylVŁJy|µlNºŁJµ°§©¿|VŁJ
Łl|ŁAW¬bÇ´°¤ !¤
F
°¤
×
d
¯
¤°¸¦"|KŁlJyFŁJ¬ !¤Fd
3
¯
`Ł?«FVFŁD|lV®uh~( l|
&hX°§ÐVJ1ŁJ|)|yŁW«Fy?²¨§©(|ly¿|
(tf − t0) °§±|(ŁllVŁJy|°¤
  ﬂ  ﬁ "!  
ﬂ"   !& 
¼<V*y:y~*«J¨}(ŁJl)8|yyŁJyK~°§ÐVJ1ŁJ|³K~wy:e|(l|¡
VŁJy| «ŁlK~?~h`ŁJ½D°§©lVŁJy|"|lyŁJ?²:|~D<|´y½<°§±|(ŁJyyJVŁl|
Fh´ly?ŁµÆhŁJD|~X|FŁlJyKŁl¬ !¤
×4F
¯
Ê
min
Nc,a1,`1,...,aNc ,`Nc
J =
Nc∑
k=1
ak
/ Nc∑
k=1
`k
|~X²"Ê
x˙ = f (1) (x)

tk−1c ≤ t < tkb
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2.1a
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x˙ (t) = f (x (t) ,u (t) ,p, t) , t0 ≤ t ≤ tf   2.1a ­
oed
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x (t0) = x0
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J (u (t) ,p) =
lnmpobqsrst$u v︷ ︸︸ ︷
G (x (tf ) ,p, tf) +
w
l"xyqsz|{
w
u}{eqsz!~p$q︷ ︸︸ ︷∫ tf
t0
L (x (t) ,x (t) ,p, t) z t  f>gfF­
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min
u(t),p
J = G (x (tf ) ,p, tf) +
∫ tf
t0
L (x (t) ,u (t) ,p, t) z t   2.3a ­
uoF|[t{sxuBc
x˙ = f (x (t) ,u (t) ,p, t)
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x (t0) = x0
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t0
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x˙ = f (x (t) ,u (t) ,p)
 
2.5b
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x (t0) = x0
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δx
]
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∂pT
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δx +
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∂xT
δx
]
tf
+
∂G
∂pT
δp
 fﬃ
æ
­
+
∫ tf
t0
(
∂H
∂xT
δx− λT δx˙
)
z
t+
∫ tf
t0
δλT
(
∂H
∂λT
− f
)
z
t
+
∫ tf
t0
∂H
∂uT
δu
z
t +
∫ tf
t0
∂H
∂pT
δp
z
t
ﬂZy sxy6r9ÒF9vy6r°vjoFwuqBvqBv\r9sxu~xÐrwNwt{
∫ tf
t0
λT δx˙
z
t =
[
λT δx
]tf
t0
−
∫ tf
t0
λ˙
T
δx
z
t
r°Ny
qoFu9v5yr
λ˙
T
= − ∂H
∂xT
®BoFyoFÇRrwsxyrØv5xoFuc
δJ =
[(
∂G
∂xT
− λT
)
δx
]
tf
+
[
λT δx
]
t0
+
∂G
∂pT
δp
 "fﬃ 


­
+
∫ tf
t0
∂H
∂uT
δu
z
t+
∫ tf
t0
∂H
∂pT
δp
z
t
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x˙ =
f (x, t)
/0,#,+2 #%ﬁ$5$& # / 32++ﬃ)ﬀ #  ﬁ,$&  #+ﬁ$&) /!ﬀ#2  3 ﬃ$56+ﬀﬁ
˙˜x = f˜ (x˜) ﬂ
 ﬃ6
x˜ = (x, t)
,
f˜ (x˜) = (f (x, t) , 1)
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ﬃs¯ÃnpoFyoFy[usxz[³w®ﬃz[q[j|[uN®ﬃ|[xuoFy[z[sr9sxoy[usjy[sjrwsÚvjNuZuwoyrR¡ﬃNNuJ 
δx0 = 0
­®ﬃjNu5vsÚv5rwsxoFyRu
z[|°Nsjrw³NwunÍNsjFy6rŁByBv5xNt{Ny6r c
δJ =
[(
∂G
∂xT
− λT
)
δx
]
tf
+
∂G
∂pT
δp
 "fﬃ 

e­
+
∫ tf
t0
∂H
∂uT
δu
z
t +
∫ tf
t0
∂H
∂pT
δp
z
t
mÛNuAoFy[z[sr9sxoy[uÉy[NNuu9vsjwu,z[|{q[Nt{sxNZowz[<q¯oF|RZ>|RØxvNoFt{tv5y[z[
u (t)
rAjNuAqBvwvt³lr9Nu
p
uoFsxyroFqRrwsxtv|ﬃ¡uoFy6r<z[rwNtsjy[Nuz[uoFrwŁ|[jNuÑv5wsÚvXr9sxoy[u
δJ
zR|ÊNsjr9³wuwoFsjNy6r.y|[jxNu®
|[xxu|[uoFsxy6rxNu5vsÚv5rwsxoFy[u
δu (t)
r
δp

Å
uJoFy[z[sr9sjoFy[uuwoyrJ¡RqRxsxsjrwNt{Ny6rz[oFyRy[Nu
qBv5<xz[lFNjoFq[qNt{Ny6rq[wNNzRNy6r=c
• xvTNoFyRz[sjrwsxoFy~znpoFqRrwsxtvxsr9z[ÚvTNottvy[z[ c
0 =
∂H
∂uT
, ∀t ∈ [t0, tf ]   2.12a ­
• xvTNoFyRz[sjrwsxoFy~znpoFqRrwsxtvxsr9z[NuqBvwvt{³r9Nu c
0 =
∂G
∂pT
+
∫ tf
t0
∂H
∂pT
z
t
 
2.12b
­
• xvTz[[y[sjrwsxoFyz[u5vsÚvÇRxNu.vzXäoFsjyrwNu c
λ˙
T
= − ∂H
∂xT
, ∀t ∈ [t0, tf ]   2.12c ­
• jNu<oFy[z[sr9sxoy[u.r9wt{sxyBvjNu<v5zXäoFsxy6rwNuc
λT (tf) =
∂G
∂xT
∣∣∣∣
tf
 
2.12d
­
mÛNuoFy[z[sr9sxoy[uy[Nuwu9v5sxwu"znÍoFqﬃr9sxtvjsjr9' "fﬃ
 fF­Noy[urwsjr9|RNy6r°|[y q[woFÇRx³Nt{Ðv5|ﬃ¡ Noy[z[sjrwsxoFyRu
jsxt{sjr9uqBvr9vÒFNu  ¾ ¾X¨ªÄB©¾XÞ>Ä»6·§âB·¹2Þ^¬ §9¾¸N¹x¬lÁ®E7 h 2Ñ­Ôz[z[sxt{Ny[usxoFy
2n+m+`

Å
u¢>u\r9³Nt{Nu\rNoFt{q¯ouwz[
n
>|[v5r9sjoFy[uznpr9v5r 
2.5b
­roFy[z[sr9sxoy[usxyRsjr9sxvxu! 
2.5c
­l®zR
n
>|[v5r9sjoFy[uZz[swNy6rwsxNjxuZvzXäoFsjy6r9NuØ 
2.12c
­ãrÑNoy[z[sjrwsxoFyRuãr9wt{sxyBvjNu. 
2.12d
­l®Fz[
m
N|BvXr9sxoy[u
vjÒFNÇRwsx|[uÑ 
2.12a
­|[s6@v59vlr9NsxuNy6r½Úv.Nottvy[z[ãoFqRr9sjtv5x
u
lr½z[
`
>|[v5r9sjoFy[u½vxÒNÇ[sx|[Nu
 
2.12b
­Nxv5r9sFNuv5|ﬃ¡qBvwvt{³r9NuoFqRrwsxtv|ﬃ¡
p
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mÛNuÛoFy[z[sr9sjoFy[uznpoFqRrwsxtvxsr9½znp|[y[ZNxvuwuZqBv\r9sx|[xsj³Nãz[Zu\¢ﬃu\r9³tuÔ6¢>Ç[wsjz[Nuz[sjuwwrwuﬃJ5oFy6r9sjy>|Ru
uoFy6rsjNszRFxoFqRq¯NuN¯mÛNuq[[y[oFt{³Ny[u6¢>Ç[sxz[uØqN|ﬃFNy6rŁÆr9NÚv5uwuwuNy°z[N|ﬃ¡°Nv5r9ÒFoFsxNu
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wNyRN.|[y!EBvy[ÒFty6rÉz[sjuwNr½z[,Úv.}oFwt{Az[|u\¢>u\È
rw³Nt{zR¢>yBvt{sx|[ ´t{oﬃzR£­l®Ruw|[sr9J|[y"lFy[Nt{Ny6r|[su!q[oﬃzR|[sjr<joFwu|nÍ|Ry[!oFy[z[sr9sjoFy
zRoFy[y[NurNsjBmÛNuz[swyrwNu}oFtu|[qN|Rrq[Ny[zRwxu¢>urw³Nt{{zﬃ¢ﬃy[vtsj|[
uoFy6r"vq[qNxNuxuÁ¾N»>¬Eº¶z[|Ìu\¢>ur9³t5Ømusxy[u\rEvy6r9uz[oFtt|RrEv5rwsxoFy q¯|RFyr¤Ærww


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oFy[y|[u¤·À§¨Ã¾X§¨Ê :©±¨ªÁ¬"¬lµ¬lÄB©ºe­oF| ÇRsxNy z[lBy[sju{sjtqRxsxsjrwNt{Ny6r~ Üºl©Ü·©C¬Ð¬lµ¬lÄB©ªºX­qBv5{xv
zRoFy[y[JznÍ|[yR!NÚvXr9sxoyÊ}´vsxuwvy6r<sxy6r9Ny[sjØ±nÍlrEv5rzR|°u\¢>ur9³t5®^qBvl¡ﬃNt{q[j c
x˙ = f (1) (x (t) ,u (t) ,p, t)
uws
s (x (t) ,u (t) ,p, t) < 0
 
2.13a
­
x˙ = f (2) (x (t) ,u (t) ,p, t)
uws
s (x (t) ,u (t) ,p, t) ≥ 0   2.13b ­
o)d
f (1)
 wNuq
f (2)
­Ôz[NsjrÉ±nÍlFoFj|Rr9sjoFyzﬃ¢ﬃy[vtsj|[.z[|u\¢ﬃu\r9³t<joFwu>|R
s (x,u,p, t) < 0
 wuwq
s (x,u,p, t) ≥ 0 ­l^mÛNusjy[ur9vy6r9uz[NoFt{tT|Rr9v5r9sjoFy ti uoFy6rvxoFu<z[[y[sxuqBvc
ti = {t ∈ [t0, tf ] , s (x,u,p, t) = 0}  fﬃ 
  ­
ÓCãNursjtqoF\rEvy6rz[y[orwN|[xowuw|[xNulFy[Nt{Ny6r9uJuwoyrzRBy[sjuqBvzRNuwÚv5rwsxoFyRu
 znprEvXr­sxt{q[jsxNsr9uN®Ñy[sÃnpoFwzRwÐznpo>NN|Rwwy[N'z[Nusjy[ur9vy6r9uz[NoFt{tT|Rr9v5r9sjoFyÕy[sjN|[u
yRoFtTÇ[Nuy[JuwoFy6r@®By¤ÒFy[NwvÃ®RNoFy[y|[uØznÍv@v5y[N5ﬀ|[uwusÃ®^NrC¢>q!z[u\¢ﬃu\r9³tJz[oFy[yR!ÒFÈ
yRN9v5xNt{Ny6r!xsjN|Ë°z[Nuq[woFÇRx³Nt{Nu!znpoFqRr9sjtsju9v5rwsxoFygyRoFyËwÒF|[jsxNuN®z[sb`sxjNu!"wuwoF|Rz[w
q[vxut{r9Roﬃz[uz[lr9Ntsjy[sxu\r9uNxvuwusx|[Nu{ h.v\r9oFyglrvÃ®9f ee ­Ùv5y[uNNvuN®±nÍ|ﬃr9sÈ
jsxuwv5r9sjoFy'zRt{r9Roﬃz[uTznpoFqRrwsxt{sxu9vXr9sxoy¶u\r9o>EBvu\r9sx|[uTNoy[urwsjr9|RÊÃnp|[y[sj>|Rvr9wyBv5rwsjÊ
±nÍRN|[!v5r9|RNxj
 Y& 2PﬁW;M" 	

 "}oFy6rAwl}NNy[xvz[sxuNoFy6rwsxy|[sjrw.z[<±nÍlrEv5rZzR|{u\¢>ur9³tzR¢>yBv5tsj>|R.xoFu
znÍlFNyRNt{Ny6r9u{uw~q[oﬃzR|[sxuwvy6rÐ|[y sxy[u\rEvy6rzRoFy[y[5
Å
oFt{tÊqRwNNz[tt{Ny6rNuu9v|ﬃr9u
qN|ﬃFNy6rÆrwwz[[y[sxul¡ﬃq[jsxsjr9ty6roF|sxt{q[xsjNsjrwNt{Ny6r@®qBv5Ø¡ﬃNt{q[x c
∀ti ∈ [t0, tf ] , s
(
x
(
t−i
)
,u
(
t−i
)
,p, ti
)
= 0 ,
 "fﬃ 


­
j
(
x
(
t−i
)
, x˙
(
t−i
)
,u
(
t−i
)
,x
(
t+i
)
, x˙
(
t+i
)
,u
(
t+i
)
,p, ti
)
= 0
o)d
s
r
j
z[NusxÒFy[y6rwuwqNlr9sjNt{Ny6rÚvNoy[z[sjrwsxoFy°z[ToFt{tT|RrEvXr9sxoyÎ Ny[tyrE­ŁrŁÚv
oFy[z[sr9sjoFy~z[r9wvy[uwsr9sjoFy¶ ´z[sjuwoFy6r9sxy|[sr9@­l
ÙvyRu"qBv59vÒFwvq[[5®Zxz[lFNjoFq[qNt{Ny6rz[Nu{NoFyRz[sjrwsxoFy[uznÍoFqﬃr9sxtvjsjr9{Nu\rjsxt{sjrwÊ|[y[
ÚvuuwqBv\r9sx|[xsj³Nz[u¢>urw³Nt{NuØ6¢ﬃÇRwsxzRNu}oFy[rwsxoFyRyBvy6rNy°NoFt{tT|Rr9v5r9sjoFy Hc
• jq[woÇ[x³tznpoFqRrwsxt{sxuwv5r9sjoFyoFy[uwsjurw!t{sxy[sjtsjuw,xv}oy[rwsxoFy[yRNxj J z[ByRsxqBv c
min
u(t),p
J = G (x (t−1 ) , . . . ,x (t−ns) ,p)+ ∫ tf
t0
L (x (t) ,u (t) ,p) z t   2.16a ­
• ju¢>urw³Nt{!zﬃ¢ﬃy[vtsj|[z[sxuNoFy6rwsxy|"urØz[oFyRy[qBvc
x˙ = f (i) (x (t) ,u (t) ,p) , ∀t ∈ [t+i−1, t−i ]   2.16b ­
x
(
t+0
)
= x0
 
2.16c
­
x
(
t+i
)
= x
(
t−i
)
, i = 1 . . . ns
 
2.16d
­
• jNu ns sjy[ur9vy6r9u.zRNoFt{tT|Rr9v5r9sjoFy t1, t2, . . . , tns = tf
uwoFy6r<owz[oFyRy[Nu.lr.z[lBy[sju.l¡ﬃq[jsxNsr9È
t{Ny6rqBv5ØjNu<NÚvXr9sxoy[u.uw|Rsj5vy6r9u7c
si
(
p, t−i
)
= 0 , ti ∈ [t0, tf ] , i = 1 . . . ns   2.16e ­
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oedjNuEBv5tq[uÛzRANlr9N|Rwu
f (i) : Rn×Rm×R` → Rn rxu}oFy[lr9sjoFy[y[xxu G :
ns
v lnu}{︷ ︸︸ ︷
R
n × · · · × Rn×R` →
R
® L : Rn × Rm × R` → R lr si : R` × R → R uwoFy6rzRNxvuwu C1 qBvØ9vq[qoF\r{ÃnpNy[uNtTÇ[j
z[uØ5vsÚvÇRxNuz[|"qRwoFÇ[j³Nt{
Å
oFt{tzBvy[uxNvuTz[uTu¢>u\r9³Nt{NuoFy6r9sjy>|RuN®ã±nÍ|ﬃr9sxjsxuwv5r9sjoFyz[NuT[vtsjjrwoFy[sxy[u H(i)  "fﬃ
  ­
qNtlrz[wNNsxwjNwsr9³w
J
uwoF|[uØÚv}owt{{ fﬃ 


­ c
H(i) (x,λ,u,p) = L (x,u,p) + λT f (i) (x,u,p)  "fﬃ 
  ­
J = G (x (t−1 ) , . . . ,x (t−ns) ,p)  "fﬃ
  ­
+
ns∑
i=1
∫ t−i
t+i−1
[
H(i) (x,λ,u,p)− λT f (i) (x,u,p)
]
z
t
mÛNuA5vwsxv5r9sjoFy[u
δJ
Ny[ÒFy[z[NNu,qBvZz[uÑ5vsÚv5rwsxoFyRu
δu (t)
r
δp
z[NuZFrwN|[uz[Nottvy[z[
lrzRNuqBvwvt³lr9NuuNnpNwsjNy6r7c
δJ =
ns∑
i=1
∂G
∂xT
∣∣∣∣
ti
δxt−i
+
∂G
∂pT
δp
 "fﬃ 

æ
­
+
ns∑
i=1
(
H(i) − λT f (i)
)
t−i
δti −
ns∑
i=1
(
H(i) − λT f (i)
)
t+i−1
δti−1
+
ns∑
i=1
∫ t−i
t+i−1
(
∂H(i)
∂xT
δx +
∂H(i)
∂λT
δλ +
∂H(i)
∂uT
δu +
∂H(i)
∂pT
δp
)
z
t
−
ns∑
i=1
∫ t−i
t+i−1
(
δλT f (i) + λT δf (i)
)
z
t
ﬂZy |ﬃr9sxjsxuwvy6rx~}´vsr|[
δx˙ = δf (i) , ∀t ∈ [t+i−1, t−i ] r{|[ δti = −σTi δp v@F σi =[(
∂si
∂t
∣∣
t−i
)−1
∂si
∂pT
]T
®½ fﬃ 

æ
­zR>sxyrDc
δJ =
ns∑
i=1
∂G
∂xT
∣∣∣∣
t−i
δxt−i +
∂G
∂pT
δp
 "fﬃ f

­
+
ns−1∑
i=1
[
− (H(i) − λT x˙)
t−i
+
(H(i+1) − λT x˙)
t+i
]
σTi δp−
(H(ns) − λT x˙)
t−ns
σTns δp
+ λT
∣∣
t+
0
δx
(
t+0
)
+
ns∑
i=1
[
− λT ∣∣
t−i
δx
(
t−i
)
+ λT
∣∣
t+i
δx
(
t+i
)]− λT ∣∣
t−ns
δx
(
t−ns
)
+
ns∑
i=1
∫ t−i
t+
i−1
(
∂H(i)
∂λT
− f (i)T
)
δλ
z
t+
ns∑
i=1
∫ t−i
t+
i−1
(
∂H(i)
∂xT
+ λ˙
T
)
δx
z
t
+
ns∑
i=1
∫ t−i
t+i−1
∂H(i)
∂uT
δu
z
t+
ns∑
i=1
∫ t−i
t+i−1
∂H(i)
∂pT
δp
z
t
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oFt{t{z[q[x|[u®
δxt0 = 0
 
2.21a
­
δxt+i = δxt
−
i
 
2.21b
­
δxt±i = δx
(
t±i
)
+ x˙
(
t±i
)
δti = δx
(
t±i
)− x˙ (t±i )σTi δp   2.21c ­
lrusÛÃnpoFyq¯ouw
λ˙
T
= −∂H
(i)
∂xT
, ∀t ∈ [t+i−1, t−i ] ®BjNu.5vwsxv5r9sjoFy[u δJ uNnpNNsjNy6r=c
δJ =
ns−1∑
i=1
(
∂G
∂xT
∣∣∣∣
t−
i
+ λT
∣∣
t+i
− λT ∣∣
t−i
)
δxt−i +
(
∂G
∂xT
∣∣∣∣
t−ns
− λT ∣∣
t−ns
)
δxtns
 "fﬃgf)fF­
+
[
∂G
∂pT
−
ns−1∑
i=1
(
H(i)
t−i
−H(i+1)
t+i
)
σTi −H(ns)t−ns σ
T
ns
]
δp
+
ns∑
i=1
∫ t−i
t+i−1
∂H(i)
∂uT
δu
z
t+
ns∑
i=1
∫ t−i
t+i−1
∂H(i)
∂pT
δp
z
t
Å
oFt{t!q[wNz[Nt{ty6r@®jNuŁoFy[z[sr9sjoFy[uØy[NNuwuwvsxNuznpoFqRrwsxtvxsr9z[|gq[Nt{sxoFz[wuwoFy6r
¡RqRxsxsjrwNt{Ny6r<z[oFyRy[NuqBv5Øjz[NjoFq[qNt{Ny6r fﬃ fefF­c
• xvTNoFyRz[sjrwsxoFy~znpoFqRrwsxtvxsr9z[ÚvTNottvy[z[ c
0 =
∂H(i)
∂uT
, ∀t ∈ [t+i−1, t−i ] , i = 1 . . . ns   2.23a ­
• xvTNoFyRz[sjrwsxoFy~znpoFqRrwsxtvxsr9z[NuqBvwvt{³r9Nu c
0 =
∂G
∂pT
−
ns−1∑
i=1
(
H(i)
t−i
−H(i+1)
t+i
)
σTi −H(ns)t−ns σ
T
ns +
ns∑
i=1
∫ t−i
t+i−1
∂H(i)
∂pT
z
t
 
2.23b
­
• xvTz[[y[sjrwsxoFyz[u5vsÚvÇRxNu.vzXäoFsjyrwNu c
λ˙
T
= −∂H
(i)
∂xT
, ∀t ∈ [t+i−1, t−i ] , i = 1 . . . ns   2.23c ­
• jNu<oFy[z[sr9sxoy[u.r9wt{sxyBvjNu<v5zXäoFsxy6rwNuc
λT (tns) =
∂G
∂xT
∣∣∣∣
t−ns
 
2.23d
­
• jNu<oFy[z[sr9sxoy[u<z[NoFy6rwsxy|[sjrwvzXäoFsjy6r9Nuc
λT
(
t−i
)
= λT
(
t+i
)
+
∂G
∂xT
∣∣∣∣
t−i
, i = 1 . . . ns − 1   2.23e ­
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NuŁNoFy[zRsjr9sjoFy[uz[lBy[sxuuwyr|Ry 7 h 2 NotqoFuwJz[
n
N|BvXr9sxoy[uŁznpr9v5r@®^oFy[z[sr9sxoy[usjy[sÈ
rwsÚvjNuãlrZNoy[z[sjrwsxoFyRuãz[<oFy6r9sxy|[sr95®z[
n
N|Bv5rwsxoFy[uAv5zXäoFsxy6rwNuN®5NoFyRz[sjrwsxoFy[u½r9wt{sxyBvjNu½rAoFy[z[s8È
rwsxoFy[uz[ToFy6r9sxy|[sr95®z[
m
>|[v5r9sjoFy[uvjÒFNÇRwsx|[uŁ|[sÉNv9v5r9wsjuwNy6rxvoFttvy[zRoFqRrwsxtvx
u (t)
rØz[
`
Nxv5r9sjoFy[u<vjÒFNÇRwsx|[uwNxv5r9sFuv|ﬃ¡qBv59vt{³rwwNu<oqRr9sjtv|>¡
p

ÓC>NurÔsxt{qoFr9vy6rz[y[o5r9N½|[usxAr9Nt G z[|!Nsjr9³wÑznpoFqRr9sjtsju9v5rwsxoFyzRNqNy[zTzR,±nÍlrEv5r½z[|
u\¢ﬃu\r9³t{v|ﬃ¡¤sxyRurEv5yrwuz[ToFtt|RrEv5rwsxoFy
t1, . . . , tns
®v5xoFuŁxuŁ5vwsxvÇ[jNuv5zXäoFsxy6rwNuq[NuNy6r9yr
z[uz[sxuNoFy6rwsxy|[sjrwNu{ 
2.23e
­l

ygqN|RrNsjBzn²v5|Rr9qBvrN®|npNy¶uw|[qRq[wsjtvy6rxvqoFuwusxÇ[sjxsjrw
z[oFtt|RrEv5rwsxoFyNy6r9xNu<zRsj¯Nwy6r9uto>z[u<z[}oFy[lr9sxoy[y[Nt{Ny6r
f (i)
®[oy°rwwoF|R!jNu<oFy[z[s8È
rwsxoFy[uznÍoFqﬃr9sxtvjsjr9 f>
f­l®|[sZoFy6rlr9r9vÇ[xsjNuqoF|[jNuu¢>u\r9³Nt{NuJzR¢>yBvt{sx|[uqBv9v5tlr9wu
oFy6r9sxy|[u
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mÛNuoFy[z[sr9sjoFy[uznÍoFqﬃr9sxtvjsjr9oÇRr9y>|RNuzBvy[ujqBv59vÒFwvq[[q[wNNzRNy6r{uwoFy6rNÚvXr9sjNuÐzRNu
q[oFÇ[j³Nt{NuznpoFqRrwsxt{sxu9vXr9sxoyÐu9vyRu!oFy6r99v5sxy6r95 @v5y[tosxy[u®NrC¢>q¯z[{q[woÇ[x³tuNur!ÒFy[NwvXÈ
jNt{Ny6r~vuuwo>NsjgÎz[uÊNoFy6rw9vsjyrwNuÊzRÐz[sj¯NNy6r9uÊrC¢>qNu~u|[ÊÃnpr9v5rrKJXoF|uw|[Úv'oFt{tvyRz[
|npsx½Nu\rz[oFy[!y[NNuu9vsjwz[!q¯oF|ﬃFoFsjq[Ny[zRwNy¤NoFt{qRr95

yÐqN|ﬃrz[sjur9sjy[ÒF|[Łus¡°rC¢>q¯uz[
oFy6r99v5sxy6r9u ±o°lr=7Ôo[®;

æ
ß
Å
[y¤r 4.vyRÒ[®;

æFæ
 ­ c
 
i
­
Å
oFy6r9wvsxy6rwJznÍÒ6vxsr9zRJzRsxt{Ny[usxoFy~sjyRBy[sj c
φ (x,u,p, t) = 0 , t ∈ [τ1, τ2] , t0 ≤ τ1 < τ2 ≤ tf   2.24a ­
 
ii
­
Å
oFy6r9wvsxy6rwJznÍsjy[NÒ6v5xsjrwŁz[z[sjty[uwsjoFy~sxyﬃBy[sx c
φ (x,u,p, t) ≥ 0 , t ∈ [τ1, τ2] , t0 ≤ τ1 < τ2 ≤ tf   2.24b ­
 
iii
­
Å
oFy6r9wvsxy6rwJznÍÒ6vxsr9sjy6r9Nsx|[w c
φ (x,u,p, τ) = 0 , τ ∈ [t0, tf ]   2.24c ­
 
iv
­
Å
oFy6rw9vsjyrwznÍsjy[NÒFvxsr9Łsjy6r9Nsx|[w c
φ (x,u,p, τ) ≥ 0 , τ ∈ [t0, tf ]   2.24d ­
 
v
­
Å
oFy6r9wvsxy6rwJznÍÒ6vxsr9ŁrwNtsjyBvx7c
φ (x,u,p, tf) = 0
 
2.24e
­
 
vi
­
Å
oFy6rw9vsjyrwznÍsjy[NÒFvxsr9rwNtsjyBvx=c
φ (x,u,p, tf) ≥ 0   2.24f ­
7½oF|Rr9uNu{NoFy6rw9vsjyrwNuqN|RNy6rÊÆlr9°Nq[NuNy6r9NuÊuoF|[u|[y[~}oFt~Nvy[oFy[sj|[®Z|[s<ur
sjz[Ny6r9sj|[{"ÚvÊ}oFtÒNy[9vj{zR|ÎNsjrw³NwznpoFqRrwsxt{sxuwv5r9sjoFy  
2.16a
­qoF|[x>|RNAoFy¶wNuN\FNwv
±nÍsjy[z[sx
j = 0
c
Jj = Gj (x (t1) , . . . ,x (tns) ,p) +
∫ tns
t0
Lj (x (t) ,u (t) ,p) z t  fﬃ f  ­
mÛNu!z[sj¯NNy6r9urC¢>q¯uTz[{NoFy6rw9vsjyrwNu®ÔjN|[uJ}oFtu@vy[oy[sx|[ur!ÚvNoy[z[sjrwsxoFyRu!°u9v5rwsxu\}´vsx
uoFy6rqRwNuNy6r9Nuz[vy[uxN@v5q[sjrw|[Úv5rwsj}u|[sj5vy6r c
 
i
­
Å
oFy6r9wvsxy6rwJznÍÒ6vxsr9zRJzRsxt{Ny[usxoFy~sjyRBy[sj c
Gj = 0 Lj = ω [φ (x,u,p, t)]2 Jj = 0   2.26a ­
oed
ω
urØ|[y}´vrwN|[<zRJqoFy[zRN9vXr9sxoy°qoFusjr9s}½rØveä|[u\rEvÇRx
 
ii
­
Å
oFy6r9wvsxy6rwJznÍsjy[NÒ6v5xsjrwŁz[z[sjty[uwsjoFy~sxyﬃBy[sx c
Gj = 0 Lj = ωmin [0, φ (x,u,p, t)] Jj = 0   2.26b ­
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sxy6rwwo>z[|[sjrwynÍurTq[vuz[wsv5Ç[x5Ô½oF|[!>sjrwNNuTqRwoFÇ[j³Nt{Nu®½sj
Nu\rq[}9vÇ[j!znÍ|Rrwsxjsxuw<|[y[J}oFy[rwsxoFy
#+j&
v£NT|Ry¤l¡ﬃqoFu9v5yrŁuw|[qNsx|[
1
®BqBv
l¡ﬃtq[j 	2ÑvuuwsxjsÚvzRsxulrØvÃ®A

ææ
 ­c
Lj = ωmin [0, φ (x,u,p, t)]2ξ , ξ ≥ 1
 
iii
­
Å
oFy6r9wvsxy6rwJznÍÒ6vxsr9sjy6r9Nsx|[w c
Gj = φ (x,u,p, τ) Lj = 0 Jj = 0   2.26c ­
 
iv
­
Å
oFy6rw9vsjyrwznÍsjy[NÒFvxsr9Łsjy6r9Nsx|[w c
Gj = φ (x,u,p, τ) Lj = 0 Jj ≥ 0   2.26d ­
 
v
­
Å
oFy6r9wvsxy6rwJznÍÒ6vxsr9ŁrwNtsjyBvx7c
Gj = φ (x,u,p, tf ) Lj = 0 Jj = 0   2.26e ­
 
vi
­
Å
oFy6rw9vsjyrwznÍsjy[NÒFvxsr9rwNtsjyBvx=c
Gj = φ (x,u,p, tf) Lj = 0 Jj ≥ 0   2.26f ­
ﬂZyÐ|Rrwsxjsxu9v5yrNuØ}oFwt{Nu@v5y[oFy[sj>|RNuN®oFy"q¯|Rrv5uwuwo>NsjNEBv5>|RNoyrw9vsjy6r9J|[yÐBvt{sxr9oFyRsxNy
Hj rØ|[yFNlr9|[Łv5zXäoFsxy6r λj c
• ½oF|[xu.rC¢>q¯uz[oFy6r99v5sxy6r9u  i ­.r  ii ­ c
Hj (x,λ,u,p) = Lj (x,u,p) + λTj f (x,u,p)
 
2.27a
­
λ˙
T
j = −
∂Hj
∂xT
 
2.27b
­
λj (tf ) = 0
 
2.27c
­
 
2.27d
­
• ½oF|[xu.rC¢>q¯uz[oFy6r99v5sxy6r9u  iii ­<r!  iv ­ c
Hj (x,λ,u,p) = λTj f (x,u,p)
 
2.28a
­
λ˙
T
j = −
∂Hj
∂xT
 
2.28b
­
λTj (tf ) = 0
T   2.28c
­
λTj
(
τ−
)
= λTj
(
τ+
)
+
∂Gj
∂xT
∣∣∣∣
τ
 
2.28d
­
• ½oF|[xu.rC¢>q¯uz[oFy6r99v5sxy6r9u  v ­r  vi ­c
Hj (x,λ,u,p) = λTj f (x,u,p)
 
2.29a
­
λ˙
T
j = −
∂Hj
∂xT
 
2.29b
­
λTj (tf) =
∂Gj
∂xT
∣∣∣∣
tf
 
2.29c
­
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NvxsjuwNNy
v|RÒFty6rEvy6rxwsr9³Nsxy[sr9sÚv5¯z[uNoFy6r9wvsxy6rwNuq¯oy[z[NNu7c
J = J0 +
r∑
j=1
νjJj
 "fﬃ
å
 ­
oed
r
z[uwsxÒy[AxAy[oFtTÇRwAz[ÑNoFy6r9wvsxy6rwNur
ν ∈ Rr xÉNlr9N|Rãz[uÔtT|Rjr9sjq[xsj@v5rwN|[uz[,mvÒFwvy[ÒF5
ﬂZyzRBy[sjuwuwvy6rÉxZNrwN|[ãvzXäoFsjy6r½v|[ÒFt{Ny6r9
λ
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H(1)NGL (x,λ) = LNGL (x) + λT f (1) (x)
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x0,Nc,a1,...,aNc
J =
1
tf − t0
∫ tf
t0
FNGL (x) / t
>9GKE2645> £
x˙ = f (1) (x)
>94
tk−1c ≤ t < tkb
x˙ = f (2) (x)
>94
tkb ≤ t < tkc
t 5768:9
6
≤ ak ≤ t 5768ﬀ
t 5>=8:9
6
≤ tf−t0
Nc
− ak ≤ t 5>=8ﬀ
 k = 1 . . . Nc
x (tf) = x0
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x˙ = f (2) (x)
>94
t
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 
m×q =
∂
∂xT
[
∂H(i)
∂u
]
·   θx +
∂
∂λT
[
∂H(i)
∂u
]
·   θλ +
∂
∂uT
[
∂H(i)
∂u
]
·   θu   5.23a 
+
∂
∂θT
[
∂H(i)
∂u
]
 
m×n =
∂
∂xT
[
∂H(i)
∂u
]
·   x0x +
∂
∂λT
[
∂H(i)
∂u
]
·   x0λ +
∂
∂uT
[
∂H(i)
∂u
]
·   x0u   5.23b 
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 
`×q =
∂2G
∂θT ∂p
+
∂2G
∂p2
·   θp +
ns∑
i=1
[
∂2G
∂xT ∂p
·   θx
]
t−i
 
5.24a 
−
ns−1∑
i=1
(
H(i)
t−i
−H(i+1)
t+i
) ∂σi
∂pT
·   θp −H(ns)t−ns
∂σns
∂pT
·   θp −
ns∑
i=1
[
∂H(i)
∂θT
+
∂H(i)
∂uT
·   θu
+
∂H(i)
∂xT
·
(
 
θ
x +
∂H(i)
∂λ
· σTi ·
 
θ
p
)
+
∂H(i)
∂λT
·
(
 
θ
λ −
∂H(i)
∂x
· σTi ·
 
θ
p
)]
t−i
· σi
+
ns−1∑
i=1
[
∂H(i+1)
∂θT
+
∂H(i+1)
∂uT
·   θu +
∂H(i+1)
∂xT
·
(
 
θ
x +
∂H(i+1)
∂λ
· σTi ·
 
θ
p
)
+
∂H(i+1)
∂λT
·
(
  θ
λ −
∂H(i+1)
∂x
· σTi ·
  θ
p
)]
t+i
· σi
+
ns∑
k=1
∫ t−i
t+i−1
[
∂2H(i)
∂θT ∂p
+
∂2H(i)
∂p2
·   θp +
∂2H(i)
∂p∂x
·   θx +
∂2H(i)
∂p∂λ
·   θλ
] 
t
 
`×n =
∂2G
∂p2
·   x0p +
ns∑
i=1
[
∂2G
∂xT ∂p
·   x0x
]
t−i
−
ns∑
i=1
[
∂H(i)
∂uT
·   x0u   5.24b 
+
∂H(i)
∂xT
·
(
 
x0
x +
∂H(i)
∂λ
· σTi ·
 
x0
p
)
+
∂H(i)
∂λT
·
(
  x0
λ −
∂H(i)
∂x
· σTi ·
 
x0
p
)]
t−i
· σi
+
ns−1∑
i=1
[
∂H(i+1)
∂uT
·   x0u +
∂H(i+1)
∂xT
·
(
 
x0
x +
∂H(i+1)
∂λ
· σTi ·
 
x0
p
)
+
∂H(i+1)
∂λT
·
(
  x0
λ −
∂H(i+1)
∂x
· σTi ·
 
x0
p
)]
t+i
· σi
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 
θ
x =
∂
∂xT
[
∂H(i)
∂λ
]
·   θx +
∂
∂λT
[
∂H(i)
∂λ
]
·   θλ +
∂
∂uT
[
∂H(i)
∂λ
]
·   θu +
∂
∂θT
[
∂H(i)
∂λ
]
 
5.25a 
˙
 
x0
x =
∂
∂xT
[
∂H(i)
∂λ
]
·   x0x +
∂
∂λT
[
∂H(i)
∂λ
]
·   x0λ +
∂
∂uT
[
∂H(i)
∂λ
]
·   x0u   5.25b 
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  θ
λ
= − ∂
∂xT
[
∂H(i)
∂x
]
·   θ
x
− ∂
∂λT
[
∂H(i)
∂x
]
·   θ
λ
− ∂
∂uT
[
∂H(i)
∂x
]
·   θ
u
­
5.26a
µ
− ∂
∂θT
[
∂H(i)
∂x
]
˙
  x0
λ
= − ∂
∂xT
[
∂H(i)
∂x
]
·   x0
x
− ∂
∂λT
[
∂H(i)
∂x
]
·   x0
λ
− ∂
∂uT
[
∂H(i)
∂x
]
·   x0
u
­
5.26b
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  θ
x
(
t+0
)
=
 
n×q
 
5.27a 
 
θ
x
(
t+i
)
=
 
θ
x
(
t−i
)
+
(
f (i)
∣∣∣
t−i
− f (i+1)
∣∣∣
t+i
)
· σTi ·
 
θ
p   5.27b 
 
x0
x
(
t+0
)
= 	 n×n
 
5.27c 
 
x0
x
(
t+i
)
=
 
x0
x
(
t−i
)
+
(
f (i)
∣∣∣
t−i
− f (i+1)
∣∣∣
t+i
)
· σTi ·
 
x0
p   5.27d 
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 
θ
λ
(
t−ns
)
=
∂2G
∂θ∂xT
∣∣∣∣
t−ns
+
∂2G
∂x2
·   θx
∣∣∣∣
t−ns
+
∂2G
∂p∂xT
∣∣∣∣
t−ns
·   θp   5.28a 
 
θ
λ
(
t−i
)
=
 
θ
λ
(
t+i
)
+
∂2G
∂θ∂xT
∣∣∣∣
t−i
+
∂2G
∂x2
·   θx
∣∣∣∣
t−i
+
∂2G
∂p∂xT
∣∣∣∣
t−i
·   θp   5.28b λ · ∂f (i)
∂xT
∣∣∣∣∣
t−i
− λ · ∂f
(i)
∂xT
∣∣∣∣∣
t+i
T · σTi ·   θp
  x0
λ
(
t−ns
)
=
∂2G
∂x2
·   x0x
∣∣∣∣
t−ns
+
∂2G
∂p∂xT
∣∣∣∣
t−ns
·   x0p   5.28c 
  x0
λ
(
t−i
)
=
  x0
λ
(
t+i
)
+
∂2G
∂x2
·   x0x
∣∣∣∣
t−i
+
∂2G
∂p∂xT
∣∣∣∣
t−i
·   x0p   5.28d λ · ∂f (i)
∂xT
∣∣∣∣∣
t−
i
− λ · ∂f
(i)
∂xT
∣∣∣∣∣
t+
i
T · σTi ·   x0p
Í`NyenŁ}xwn }xn¬ﬂn{-zŁxxwnF{ŁnYmeŁnqtexznwyb{Yu-y@{-xwnz|±}xwnvwobmN{YynŁexÕnYxzyenY¨e}{Yv
nFy@{ exzyb{Yobmexzn q»wxz}}xznvz{-¨e}xwnseuYvzwvwxwŁxzyb{w|§Jxz¾}xwnwy@{-uYy@{YxwnxW«ﬂseuFvwxznnYmen}
\uFŁx"Jyyeobmex­
×
ﬂj@µ)xW{}xzn·NuY¨e}xwn£/ÒFyb{Yxwn
λ
|D}¦Ł\yz{-yeyexz}}x G xz{`}xwn£Ä}k{-yxwyn
H(i) vW{-xwyemen)uYxwnFsixzz{YxzŁxzy@{·evWÅyen§su§}xzn§uYxz}¦N{Yyen­ 5.7a µW|ª­ 5.7b µ5xW{"­ 5.7c µWÑ¥xwŁuYobmeyen
obmextwxznÕxwW{-xwmuYnÕxz{ \yeW{-yeyexw}}xznvz{Yxwyeemnevzsixzyeexzyb{exznÕme}{Yse}J/{-xwmuYnex¸©PN¤u-y¤x
νj
|<obme½xwmﬂ«b1=twxwn`NuFxzyb{`xwyt\yez{Yy¾xwnsuYz{-uFxwnxW{ﬀwye{-yen`ye{Y¦}xwn)emtŁ[ez}x
Í·xyemxwmﬂ«tzﬂxWÎŁzxzyb{YnﬀexnYxwynY¨}k{-v  
θ
ν
xz{  
x0
ν
NsesuYnFnYxwy@{ﬀeyeyen}xwnuYxz}¦N{Yyn·em
n¬ﬂn{-zŁx"}¤vw¨euFN1ekvzuYxzyb{Yxz}­
×
ﬀﬁ@µ − ­ ×   µ·Â
  θ
ν
=
∂ν
∂θT
xW{   x0
ν
=
∂ν
∂x0T
­
×

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µ
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×
fﬁµ
v
­
×


µW|exwn·uFxw}N{-yen¥wse}vwxwy@{:uYxzn)sDmeu)}xzn
evW{-xzuYyexzuÂ
ns∑
i=1
∂G
∂xT
·   θ
x
∣∣∣∣
ti
+
∂G
∂pT
·   θ
p
+
∂G
∂θT
=
 
1×q
nF
j ∈ I   ­ 5.30a µ
  θ
νj
=
 
1×q
nF
j ∈ [1, r] \ I   ­ 5.30b µ
ns∑
i=1
∂G
∂xT
·   x0
x
∣∣∣∣
ti
+
∂G
∂pT
·   x0
p
+
∂G
∂θT
=
 
1×n
nF
j ∈ I   ­ 5.31a µ
  x0
νj
=
 
1×n
nF
j ∈ [1, r] \ I   ­ 5.31b µ
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x˙ = f (x,u,p) y = h (x)
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y (t)
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x̂ (t)
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ω (tk) · ωT (tk)
]
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ν (tk) · νT (tk)
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Qf = kpfv
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(σx˙i)
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1≤i≤n
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Rf = kpfv
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P˙ (t) = P (t) · fTx
∣∣
x̂
+ fx|x̂ · P (t) +Qf
Ä
6.11b
Æ
Ï(Fﬁ
 
	 Uy
 K
	 		 	
&   	y  KjI 
j 
fx =
∂f
∂xT
mnh P ∈ Rn×n }smn{}srsmng>hsm fÌfAhZ}Qpalnm¸mÍl3jAfv}spafvgl3mÍm¤w¿m3}Q}sm}
wmQhZpfThZpajvgLrnËgpamF{_fv}2,
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P (t+k ) = [  n×n − Kf k · hx|x̂(t−k )] · P (t−k ) Ä 6.12b Æ
Kf k = P
(
t−k
) · hTx∣∣x̂(t−k ) · [hx|x̂(t−k ) · P (t−k ) · hTx∣∣x̂(t−k ) +Rf]−1 Ä 6.12c Æ
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2.10−1 2.10−1 10−1
]T
σx˙
[
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SbaNH
−1
SmesNH − ŜbaNH −1
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Ŝ
ba N
D



	

−
1

ﬀ
 
;
&
9
+
( 

%'6,-/A,-
(*+
	'%
9
(*),+
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
9:
00
 
11
:0
0
13
:0
0
15
:0
0
17
:0
0
19
:0
0
21
:0
0
XbaDCO
−1
XmesDCO − X̂baDCO −1
ﬁ
ﬂ ﬃ


ﬃ




 ﬂ ﬃ
S
ba N
D



	

−
1

SmesND − ŜbaND −1
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ŜbaND
,kgmﬀﬃk}sm1hZpfAhspajgÄu}Qms{sj1ŁHmQhspafAhZpjg°Æﬂ½{_fv}sfvhZ}Qm
θ4
{_fv}&m¥#m3{amA~
jvggmapm½y0gm+Qjﬂ/ŁHm1hZpfAhspajgﬃÄu}sms{x$}smQhspafAhZpjg°Æ¾kmafLl3jgkl3m3g<hs}ZfAhspajg
SbaND
H¡fL{ﬂ
hZ}sm¢rn}spËrÍo#xw¿m3g }smAfvgl9·m¤mvfAamk}ﬃmÍlnmhsm3}sml3pgrnhspao#m*sjg<hl3j}Q}sm3lhZm3~i{k}sj$l9·m
ml3mnamFmFhZmn}sm
µH X
ba
B,H
Sba
S
KS+S
ba
S
mh
κa X
ba
B,H S
ba
ND
krnË_gp |fvgﬂFamj#nam
ﬀ
6
1
Ä9¦%$nÅ
ﬂ
fvx
Ï
D.#~{
Ï(F
Æ
ﬃ-,/.0,   @BAKFTMc5?>T@BAE5
Î	
ﬃ<ﬁﬀﬃﬂ !ﬀﬃ"$#ﬂ&%'ﬀ(#*)+,#ﬂ-!ﬀ."/01.!023ﬀﬃﬂ4#-5
65-.4.7Î
4,ﬃ*!89:-4,4";, 4ﬀﬃ";<=!<>02* ﬀﬃ"?#ÁË@!A#*Q!.%B."C,6"-#ﬂD7E F%'ﬀﬃ";4";<G#-
H.*-!
Iﬀﬃ"J#-K
6Lﬀﬃﬂ 4-L	%'L#*<
ﬀﬃ"ﬂ ﬃ*<!D.4=.ﬂ-!D#Mﬁ,68L"-ﬀ."N%'-,L#ﬂ
-4ﬀ(
,#-,0#-01Eﬀﬃ"-4,
 !ﬀﬃﬃ4G#-0!A-..%')A#ﬂO%'ﬀ(#*)JAA	4ﬃ-ﬂ-!ﬀﬃ"ﬂA!"-
!#-";
4ﬀﬃ";P
ﬀﬃ"-"#-7+ÎLQR!#-
ﬀﬃ";.S."-
C#-P4!%T9ﬀ."ﬂU J
	"*#@.";0!";?"V.4ﬀﬃ"W#-
51ﬂ-!0,G*"-
+#-P%'-P"X%B%'ﬀﬃ"-.G#-J"V"-Y-J#-P#-,61.!=."*
A#ﬂ¢Ë-!4
#-f!N%B."C,6"*#ﬂQﬀﬃ";<ﬂ U#*,
,K!ﬀﬃﬃ4G*U:,
.4ﬃ<Iﬃ
Z!F 4
ﬀﬃ4:#-A,,"-

4ﬀﬃ";U%'	ﬀﬃ4.";7ÎK* ﬀﬃ"5#Mﬁﬀﬃﬂ -ﬃ["-ﬀﬃ"T!"-,.4K	ﬀ-.!K	4%B6J#DH%B,ﬀ.
Ï('LK
 
	 Uy
 K
	 		 	
&   	y  KjI 
-120
-100
-80
-60
-40
-20
0
20
40
9:
00
 
11
:0
0
13
:0
0
15
:0
0
17
:0
0
19
:0
0
21
:0
0
23
:0
0
1:
00
3:
00
5:
00
7:
00
9:
00
XbaDCO
−1
 




X
m
es
D
C
O
−
X̂
ba D
C
O



	

−
1

SbaND
−1
SmesND − ŜbaND −1
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min
δx
Jk =
1
2
δxT Bk δx + ∇Tx f
(
xk
)
δx
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C.3a
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D8ZMI=v9[ t
0 = ∇Tx gi
(
xk
)
δx + gi
(
xk
)
i = 1 . . . re
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0 ≤ ∇Tx gi
(
xk
)
δx + gi
(
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i = re + 1 . . . r
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0 ≤ δx− (xk − xL)  C.3d 
0 ≤ −δx− (xU − xk)  C.3e 
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